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INTRODUCTION 

The N e u t r a l  Buoyancy Simula tor  (NBS), a f a c i l i t y  des igned  t o  
imitate zero-gravi ty  c o n d i t i o n s ,  i s  l o c a t e d  a t  t h e  Na t iona l  Aeronaut ics  
and Space Administration’s (NASA) Marsha l l  Space F l i g h t  Center (MSFC) i n  
H u n t s v i l l e ,  Alabama. 
we igh t l e s sness  is  s imula t ed  by p l a c i n g  weights  o r  f l o a t s  on t h e  t es t  
s u b j e c t s  and t e s t  a r t i c l e s  so  t h a t  they  are n e u t r a l l y  buoyant. 

F l i g h t  expe r i ence  i n d i c a t e s  e x c e l l e n t  c o r r e l a t i o n s  between n e u t r a l  
buoyancy s i m u l a t i o n s  and we igh t l e s sness .  I n  a d d i t i o n ,  s i m u l a t i n g  space 
o p e r a t i o n s  by t h i s  technique  a l lows  an  e n t i r e  se t  of  procedures  t o  be 
e v a l u a t e d  wi thou t  i n t e r r u p t i o n .  Two space  c o n s t r u c t i o n  experiments 
flown aboard a r e c e n t  NASA miss ion  r e l i e d  h e a v i l y  on r e s e a r c h  done a t  
t h e  Neu t ra l  Buoyancy Simulator.  During t h e  two y e a r s  p r i o r  t o  f l i g h t ,  
e x t e n s i v e  t e s t i n g  w a s  done f o r  t h e  Experimental  Assembly of S t r u c t u r e s  
i n  Ex t raveh icu la r  A c t i v i t y  (EASE) and t h e  Assembly Concept f o r  
Cons t ruc t ion  of E r e c t a b l e  Space S t r u c t u r e s  (ACCESS). 

I n  t h e  f a c i l i t y ’ s  mi l l i on -ga l lon  water t ank ,  

MSFC NEUTRAL BUOYANCY SIMULATOR APPLICATIONS 

The f i rs t  n e u t r a l  buoyancy s i m u l a t o r ,  which had a 7.6 meter 
(25 f o o t )  deep water t a n k ,  opened a t  MSFC i n  the 1960’s when l i t t l e  w a s  
known about  space ,  e s p e c i a l l y  about Ex t raveh icu la r  A c t i v i t y  (EVA) o r  
space  walks o u t s i d e  a s p a c e c r a f t .  Thus, i t  served  as  a l a b o r a t o r y  f o r  
s tudy ing  how n e u t r a l  buoyancy s i m u l a t i o n s  could  be used t o  m i m i c  space  
ope ra t ions .  

t ank  opened i n  1968 t o  suppor t  t h e  growth o c c u r r i n g  i n  t h e  space  
program. 
n e u t r a l  buoyancy could  b e  a p p l i e d  t o  space  o p e r a t i o n s  and t o  t h e  
development of equipment and techniques  f o r  conducting underwater 
s imula t ions .  
s p a c e s u i t  c a p a b i l i t i e s  and demonstrate hardware concepts  and procedures  
f o r  d i v e r s e  a c t i v i t i e s  such  as a s t r o n a u t  t r a n s p o r t a t i o n  systems, 
spacecraft repair ,  and large space s t r u c t u r e  assembly. 

t h e  f a c i l i t y  t o  suppor t  r e s e a r c h e r s  from NASA and o u t s i d e  t h e  agency and 
conduct ing  in-house r e s e a r c h  t o  advance t h e  state of the a r t  i n  
ze ro -g rav i ty  s imula t ion .  
concepts ,  v e r i f y  p re l imina ry  hardware des igns ,  develop EVA procedures ,  
t r a i n  personnel ,  and suppor t  miss ions  real t i m e .  

miss ions .  In  1985, the NBS w a s  des igna ted  a Na t iona l  Monument because 
o f  t h e  r o l e  i t  p layed  i n  deve loping  t h e  r e p a i r  p rocedures  f o r  Skylab i n  
1973 when t h e  spacec ra f t ’ s  s u n s h i e l d  was damaged dur ing  l aunch  and i t s  
s o l a r  a r r a y s  f a i l e d  t o  deploy. The s imula to r  con t inues  t o  be used f o r  
deve loping  EVA procedures  f o r  s e r v i c i n g  and r e p a i r i n g  s p a c e c r a f t .  
are  i n  p rogres s  t o  e n s u r e  that t h e  Hubble Space Telescope and t h e  Space 
S t a t i o n  are des igned  f o r  long-term o p e r a t i o n s  i n  space.  

I n  the S h u t t l e  era, t h e  Neu t ra l  Buoyancy Simula tor  i s  a r e s e a r c h  
l a b o r a t o r y  used by NASA and t h e  aerospace  community f o r  eng inee r ing  
s t u d i e s  o f  hardware. I n  1985, t h e  f i r s t  s t r u c t u r e s  (EASE and ACCESS) 

The c u r r e n t  1 2  meter (40  f o o t )  deep, 2 3  meter (75 f o o t )  wide water 

Ea r ly  r e s e a r c h  i n  t h i s  f a c i l i t y  cen te red  on i n v e s t i g a t i n g  how 

General r e s e a r c h  w a s  conducted by t h e  NBS s t a f f  t o  examine 

Today, r e s e a r c h  a t  t h e  NBS f a l l s  i n t o  two c a t e g o r i e s :  ma in ta in ing  

The s i m u l a t o r  i s  used p r i m a r i l y  t o  select 

The f a c i l i t y  h a s  been v i t a l  t o  t h e  success  of a v a r i e t y  of NASA 

Tests 
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were b u i l t  i n  space a f t e r  many hours  spen t  i n  t h e  MSFC tank ,  s e l e c t i n g  
t h e  s t r u c t u r a l  concepts ,  developing assembly techniques ,  v e r i f y i n g  EVA 
procedures ,  and t r a i n i n g  t h e  crew. A s  w e  e n t e r  t h e  Space S t a t i o n  era, 
NASA and aerospace  c o n t r a c t o r s  are t e s t i n g  concepts  f o r  s t a t i o n  
components i n  t h e  Neu t ra l  Buoyancy Simula tor .  The f a c i l i t y  provides  a n  
environment where they  can e v a l u a t e  such complex ope ra t ions  as pa tch ing  
a h a b i t a b l e  module i n  t h e  event  t h a t  it i s  punctured i n  o r b i t .  
a d d i t i o n ,  concepts  can be developed f o r  t h e  s t a t i o n ’ s  framework. 

NASA and aerospace  c o n t r a c t o r  r e s e a r c h  a c t i v i t i e s  are e s c a l a t i n g ,  
and t h e r e f o r e ,  t h e  NBS i s  used p r i m a r i l y  t o  suppor t  t h i s  r e sea rch .  
However, t h e  s imula to r  s t a f f  con t inues  t o  conduct in-house r e s e a r c h  t o  
improve s imula t ion  q u a l i t y .  
b e n e f i t s  f o r  NASA and o t h e r  customers.  
designed and i n s t a l l e d  a n  underwater v e r s i o n  of  t h e  Remote Manipulator 
System (RMS). 
buoyancy t r a i n i n g ,  and i t  h a s  been v a l u a b l e  i n  p r a c t i c i n g  procedures  
t h a t  cannot be s imula ted  elsewhere.  
EASE/ACCESS crew t o  p r a c t i c e  complex procedures  i n  which a s t r o n a u t s  
assembled t h e  s t r u c t u r e s  wh i l e  be ing  moved and pos i t i oned  by t h e  RMS. 

The NBS record  over  t h e  p a s t  18 y e a r s  shows t h a t  t h e  s t a f f  has  
devised  innova t ive  s o l u t i o n s  t o  cha l l eng ing  problems. This  has  g iven  
NASA and i t s  c o n t r a c t o r s  t h e  a s su rance  t h a t  hardware and procedures  t h a t  
work i n  n e u t r a l  buoyancy s imula t ions  w i l l  work s u c c e s s f u l l y  i n  space. 

I n  

Th i s  in-house r e s e a r c h  o f t e n  r e s u l t s  i n  
For i n s t a n c e ,  t h e  f a c i l i t y  s t a f f  

It i s  t h e  only  f u n c t i o n a l  RMS a v a i l a b l e  f o r  n e u t r a l  

This  underwater system allowed t h e  

NEUTRAL BUOYANCY SIMULATOR OPERATIONS 

The MSFC NBS h a s  many o t h e r  unique f e a t u r e s  bes ides  t h e  manipulator  
arm. This  enab le s  t h e  
tank  t o  accommodate l a r g e  space  s t r u c t u r e s  l i k e  t h e  1 2  meter (40  f o o t )  
t a l l  ACCESS tower o r  o t h e r  ve ry  l a r g e  sa te l l i t es  l i k e  t h e  Hubble Space 
Telescope. The tank  i s  equipped w i t h  a f u l l - s i z e  mockup of t h e  S h u t t l e  
payload bay where mockups o f  f l i g h t  hardware can be  mounted f o r  tests. 
P res su r i zed  s p a c e s u i t s  and a n  underwater Manned Maneuvering Unit  (MMU) 
are a v a i l a b l e  f o r  u s e  i n  s imula t ions .  

A c o n t r o l  room a d j a c e n t  t o  t h e  water t ank  provides  a work p l ace  f o r  
customers du r ing  tests. The c o n t r o l  room i s  equipped w i t h  consoles  and 
t e l e v i s i o n  monitors  showing f i v e  views i n s i d e  t h e  t ank ,  communications 
equipment, and a n  audio /v ideo  t a p i n g  f a c i l i t y .  

p o t e n t i a l  u ses  f o r  t h e  f a c i l i t y .  For t es t s ,  which are j o i n t  endeavors 
between government and p r i v a t e  i n d u s t r y ,  t h e  NBS staff works w i t h  t h e  
u s e r ,  w i t h  l e a d e r s h i p  t aken  by one o r  t h e  o t h e r  as t h e  s i t u a t i o n  
demands. By working t o g e t h e r  as a team, t h e  test  b e n e f i t s  from both  t h e  
e x p e r t i s e  o f  t h e  NBS staff  and t h e  use r .  

I n  t h e  most s u c c e s s f u l  e f f o r t s ,  such as t h e  EASE/ACCESS program, 
t h e  u s e r  works c l o s e l y  w i t h  MSFC personnel  from t h e  beginning of a 
p r o j e c t .  For  example, t o  ensu re  s a f e t y ,  a NASA eng inee r  i n s p e c t s  u s e r  
hardware p r i o r  t o  d e l i v e r y .  
t h e  hardware meets s a f e t y  s t anda rds  but  h e l p s  t h e  u s e r  r e s o l v e  o t h e r  
problems b e f o r e  t h e  hardware is  shipped.  Working t o g e t h e r  e a r l y  i n  t h e  
pro jec t ’ s  development e s t a b l i s h e s  c l o s e  t i e s  between t h e  u s e r  and NASA 
personnel  and g i v e s  t h e  NBS s taff  t h e  oppor tun i ty  t o  inform t h e  u s e r  of 

It i s  t h e  l a r g e s t  NASA f a c i l i t y  of  i t s  kind.  

The exper ience  of t h e  NBS s t a f f  i s  a v a l u a b l e  asset i n  de te rmining  

Th i s  i n s p e c t i o n  n o t  on ly  gua ran tees  t h a t  
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l e s s o n s  l e a r n e d  from previous  n e u t r a l  buoyancy tests. 
us ing  t h e  f a c i l i t y  are o u t l i n e d  i n  t h e  MSFC Neut ra l  Buoyancy Informat ion  
and Requirements document (1). 

The MSFC team a l s o  h e l p s  t h e  u s e r  by f i l l i n g  c r i t i c a l  p o s i t i o n s  
r e q u i r e d  f o r  tests. The NBS provides  t e s t  s u b j e c t s  who are scuba and 
p r e s s u r e  s u i t  q u a l i f i e d ;  they  are t r a i n e d  t o  e v a l u a t e  space  equipment 
des igns  o b j e c t i v e l y  and develop ope ra t ions  procedures .  MSFC a l s o  
s u p p l i e s  o t h e r  suppor t  personnel ,  i nc lud ing  u t i l i t y  d i v e r s ,  s a f e t y  
d i v e r s ,  underwater photographers ,  systems eng inee r s ,  t imekeepers ,  
recompression chamber eng inee r s ,  l ock  eng inee r s ,  i n s i d e  d i v i n g  
a t t e n d a n t s ,  and medical  o f f i c e r s .  

by performing f i n a l  s a f e t y  checks and s u i t i n g  up t h e  tes t  s u b j e c t s  i n  
S h u t t l e  Ex t raveh icu la r  Mobi l i ty  Un i t s  (EMUS) o r  s p a c e s u i t s .  
s u b j e c t  h a s  been n e u t r a l i z e d ,  t h e  test begins .  The test conductor ,  
u s u a l l y  a member of t h e  u s e r c s  team, s u p e r v i s e s  test a c t i v i t y  from t h e  
c o n t r o l  room. The test  conductor  i s  i n  charge u n t i l  t h e  t e s t  i s  
completed,  except  du r ing  any emergency s i t u a t i o n s  when t h e  NASA test 
d i r e c t o r  a u t o m a t i c a l l y  assumes c o n t r o l .  
l e a d e r s h i p ,  preplanned procedures  are fol lowed t o  complete s p e c i f i c  t e s t  
o b j e c t i v e s .  

c o n t r o l  as t h e  test  s u b j e c t s  are depres su r i zed  and unsu i t ed  and 
equipment i s  removed, secured ,  o r  stowed. After each s imula t ion ,  key 
test personnel  p a r t i c i p a t e  i n  a d e b r i e f i n g ;  t h i s  i s  t h e  primary 
oppor tun i ty  f o r  t h e  u s e r  t o  record  t h e  t es t  sub jec t s ’  obse rva t ions  which 
o f t e n  r e s u l t  i n  changes t o  t h e  hardware des ign .  
EASE/ACCESS t e s t  progressed ,  t h e  des ign  of t h e  s t r u c t u r e s ,  such as t h e  
s i z e  of  t h e  s t r u t s  and beams, w a s  i n f luenced  by ease of handl ing  du r ing  
NBS tests.  
f a c i l i t y ,  p r e s s u r e  s u i t ,  hardware, o r  procedura l  problems t o  be 
c o r r e c t e d  b e f o r e  t h e  nex t  s imula t ion .  

conduct several series of  n e u t r a l  buoyancy s imula t ions  which s t a r t e d  
w i t h  t h e  development of experiment concepts  and cont inued through 
personnel  t r a i n i n g .  
EASE and ACCESS experiments  are e x c e l l e n t  examples for o t h e r s  
cons ide r ing  NBS s imula t ions  t o  suppor t  space  c o n s t r u c t i o n  p r o j e c t s .  

Requirements f o r  

P r i o r  t o  a t e s t ,  t h e  NASA team prepa res  t h e  f a c i l i t y  f o r  t h e  test  

Once a test  

Under t h e  test  conductor’s 

A t  t h e  conclus ion  of  t h e  t e s t ,  t h e  NASA t e s t  d i r e c t o r  resumes 

For example, as t h e  

The d e b r i e f i n g  a l s o  provides  a forum f o r  i d e n t i f y i n g  any 

The NBS s t a f f  worked c l o s e l y  w i t h  t h e  EASE/ACCESS i n v e s t i g a t o r s  t o  

The n e u t r a l  buoyancy tests conducted f o r  bo th  t h e  

EARLY NBS LARGE SPACE STRUCTURE RESEARCH 

Five  y e a r s  be fo re  t h e  mission,  r e s e a r c h e r s  from t h e  Massachuset ts  
I n s t i t u t e  o f  Technology (MIT) began e a r l y  concept  s t u d i e s  o f  l a r g e  space 
s t r u c t u r e s .  
work as test  s u b j e c t s  i n  t h e  Neu t ra l  Buoyancy Simula tor ,  and development 
tests were conducted us ing  a number of  test s u b j e c t s ,  bo th  s u i t e d  and 
unsui ted .  
s p a c e s u i t s  t o  exp lo re  s p a c e s u i t  c a p a b i l i t i e s  and l i m i t a t i o n s  f o r  
assembly t a s k s .  

of tests which took  p l a c e  du r ing  MIT school  breaks.  
tests conducted i n  1980, MIT s t u d i e d  how r a p i d l y  people  l e a r n e d  and how 
p roduc t ive  they  were i n  assembling s t r u c t u r e s  underwater.  

MIT g radua te  and undergraduate  s t u d e n t s  were t r a i n e d  t o  

For e a r l y  tests, t h e  s t u d e n t s  used t h e  Apollo A7LB series 

Pre l iminary  space  s t r u c t u r e  des igns  were i n v e s t i g a t e d  i n  a series 
During t h e  f i rs t  

For t h e s e  



experiments ,  a t e t r a h e d r o n  almost  i d e n t i c a l  t o  EASE and a t r u s s  
s t r u c t u r e  were assembled r epea ted ly .  
performance w a s  b e t t e r  t han  expected and t e s t  s u b j e c t s  could assemble 
s t r u c t u r e s  wh i l e  f l o a t i n g  u n r e s t r a i n e d .  
t h e  EASE f l i g h t  experiment.  

I n  1981, MIT used a series of tes ts  i n  t h e  MSFC/NBS t o  b u i l d  
s t r u c t u r e s  wi th  d i f f e r e n t  c o n f i g u r a t i o n s  t h a t  f i l l e d  t h e  water tank  and 
t o  i n t e g r a t e  o t h e r  hardware w i t h  t h e  s t r u c t u r e s .  
s t u d e n t s  b u i l d i n g  a l a r g e  space  s t r u c t u r e  i n  t h e  MSFC/NBS. 

The s t u d e n t s  found t h a t  t h e i r  

Th i s  in f luenced  t h e  concept f o r  

F igure  1 shows MIT 

DRIGINAI; PKGE I3 
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FIGURE 1 
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In 1982, additional tests were conducted to examine how the different 
sizes and shapes of beams and other structural members affected human 
performance. These tests confirmed that the diameter of the EASE beams 
could be handled by a suited astronaut underwater and, therefore, could 
probably be handled in weightlessness. Also, various assembly aids such 
as a mobile work station similar to the Manipulator Foot Restraint ( M F R )  
work station and the harpoon used to help restrain the large EASE beams 
were tested. 
MSFC project, the Solar Array Flight Experiment (SAFE), a 30.9 meter 
(100 foot) high solar array which was flown and deployed on Shuttle 
mission 41-D. Through these tests they learned how to design large 
space structures for stowage and prepare hardware for flight. 

Langley Research Center in Hampton, Virginia conducted a series of 
neutral buoyancy tests. 
familiarization training and served as suited test subjects in a variety 
of NBS large space structure experiments. 
structures using different techniques with subjects restrained, 
unrestrained, and working from mobile platforms. While some of the 
structural members were as long as 5.5 meters (18 feet), one structure 
was composed of struts and nodes similar to those used for ACCESS. 

that the short 23-centimeter (9-inch) struts were easy to handle. The 
investigators also concluded that the NBS tests showed subjects wasted 
time moving between work sites. Therefore, by using a technique where 
the subjects remained at fixed work stations, the Langley investigators 
decided that they could measure human productivity in assembling large 
space structures without confounding assembly times with time required 
for moving building materials to and from the work sites. These tests 
influenced the decision to use an assembly technique with the astronaut 
remaining stationary in fixed foot restraints as the ACCESS truss tower 
was assembled bay by bay and moved up along an assembly fixture. 

The MIT team also participated in tests for another 

During the same time frame, the ACCESS investigators from the NASA 

Langley researchers received suit 

They assembled various 

These neutral buoyancy tests led Langley investigators to conclude 

DEVELOPING THE EASE/ACCESS EXPERIMENTS 

Neutral buoyancy tests were a vital part of the EASE/ACCESS 
experiments. 
structures assembled in orbit as a part of a carefully controlled 
experiment, one of the main goals was to measure the ability of humans 
to assemble large structures in space. 
performance was to compare the times required for underwater assembly 
with the times required for on-orbit assembly. Therefore, investigators 
carefully recorded the NBS task times for repetitious correlation with 
on-orbit times. 

similar as possible to the neutral buoyancy hardware so that accurate 
correlations between flight and underwater neutral buoyancy assemblies 
could be made. A s  is usually the case, the final hardware design for 
both experiments was refined during neutral buoyancy simulations. 

Since EASE and ACCESS were the f i r s t  large space 

One way to measure this 

Both the EASE and ACCESS flight hardware was designed to be as 
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I n  June 1984 dur ing  s e p a r a t e  tests, mockups of EASE and ACCESS were 
mounted on a mockup of t h e  Mission P e c u l i a r  Equipment Support S t r u c t u r e  
(MPESS), a l i gh twe igh t  carrier t h a t  b r idges  t h e  S h u t t l e  payload bay, 
f o r  t h e  f irst  t i m e  and p laced  i n  t h e  water  tank .  During t h e s e  tests 
EASE exper imenters  v e r i f i e d  i n t e r f a c e s  w i t h  t h e  carrier and made 
d e c i s i o n s  about  where t o  mount t h e  beams on t h e  MPESS and where t o  
l o c a t e  f o o t  r e s t r a i n t s  f o r  ease of assembly. 
technique  w a s  a l s o  modif ied s o  t h a t  two people  were used t o  b u i l d  t h e  
s t r u c t u r e ;  one person had done t h e  assembl ies  du r ing  e a r l y  NBS tests. 
A s  a r e s u l t  of  t h e s e  t es t s ,  EASE i n v e s t i g a t o r s  c o l l e c t e d  t h e  d a t a  needed 
t o  begin f i n a l  hardware des ign  of beam l a t c h e s  and o t h e r  i n t r i c a t e  
i n t e r f a c e s .  

The EASE assembly 

F igure  2 shows t h e  EASE payload development tests i n  t h e  
MSFC/NBS. 

FIGURE 2 
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ACCESS i n v e s t i g a t o r s  a l s o  made some hardware mod i f i ca t ions ,  such as 
changing t h e  l a t c h e s  on t h e  s t r u t  and node c a n i s t e r s  and modifying some 
procedures .  
s t r u t  and node. 
f a t i g u e  t h e  hands of t h e  s u i t e d  a s t r o n a u t .  
were small, i t  was decided t h a t  t hey  could be handled s a f e l y  wi thout  
t e t h e r s ,  and i n v e s t i g a t o r s  r ece ived  approval  n o t  t o  t e t h e r  t h e  ACCESS 
components. 

For example, i n v e s t i g a t o r s  had planned t o  t e t h e r  every  
Neu t ra l  buoyancy tests proved t h a t  t h i s  would qu ick ly  

S ince  t h e  ACCESS components 

F igure  3 shows ACCESS being  assembled i n  t h e  MSFC/NBS. 

FIGURE 3 
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From t h e  f a l l  of 1984 u n t i l  t h e  s p r i n g  of 1985, MIT and Langley 
r e s e a r c h  teams worked t o g e t h e r  i n  a n  unique j o i n t  t e s t  series. 
MSFC/NBS s taff  prepared t h e  f a c i l i t y  f o r  t h e s e  tests and worked w i t h  
r e s e a r c h e r s  t o  complete them. 
and o p t i c s  were modif ied i n  o r d e r  t o  s i m u l a t e  t h e  S h u t t l e  payload bay 
f l i g h t  v ideo  cameras. 
EASE/ACCESS experiments  because t h e  cameras had t o  be placed i n  t h e  
a p p r o p r i a t e  p o s i t i o n s  t o  r eco rd  c o n s t r u c t i o n  a c t i v i t i e s ;  t h e  cameras 
were t h e  main d a t a  c o l l e c t i o n  devices .  

s p e c i a l i s t s  a s s igned  t o  b u i l d  t h e  s t r u c t u r e s  i n  space ,  p a r t i c i p a t e d  i n  
procedures  development and v e r i f i c a t i o n  tests i n  t h e  MSFC Neut ra l  
Buoyancy Simulator .  Design changes c o n t i n u a l l y  su r faced ,  even i n  t h e  
l as t  set  of tests a few months be fo re  t h e  mission.  A s  a r e s u l t  of  t h e  
l a s t  test  series, f o o t  r e s t r a i n t s  were modif ied t o  accommodate t h e  crew. 
It w a s  c r i t i c a l  that t h e  s u i t e d  a s t r o n a u t s  be a b l e  t o  r each  s p e c i f i c  
areas of  t h e  s t r u c t u r e s  from t h e  f i x e d  f o o t  r e s t r a i n t  work s t a t i o n s .  

Contingency procedures  and dev ices  were a l s o  v e r i f i e d  i n  t h e  NBS. 
For example, t h e  a s t r o n a u t s  p r a c t i c e d  cont ingency procedures  f o r  
j e t t i s o n i n g  t h e  s t r u c t u r e s  i n  space  should t h e  assembled s t r u c t u r e s  g e t  
s tuck  and prevent  t h e  payload bay doors  from c los ing .  
went smoothly and he lped  v e r i f y  that t h e  s t r u c t u r e s  were s a f e  f o r  
f l i g h t .  

i t  w a s  t h e  only  n e u t r a l  buoyancy f a c i l i t y  equipped wi th  a RMS and deep 
enough t o  accommodate t h e  l a r g e  ACCESS t r u s s  tower. The crew t r a i n e d  i n  
t h e  NBS f o r  t h e  d e t a i l e d  t e s t  o b j e c t i v e s  which were planned by t h e  
Johnson Space Center  t o  demonstrate  t h e  uses  of  t h e  Space Transpor t a t ion  
System as a work p l a t fo rm f o r  space  c o n s t r u c t i o n  a c t i v i t i e s .  
w a s  used t o  t r a i n  t h e  a s t r o n a u t s  and develop procedures  f o r  t h e s e  t a s k s :  
assembling and d isassembl ing  EASE and ACCESS from t h e  MFR/RMS; a t t a c h i n g  
a s imula ted  e lec t r ica l  c a b l e  t o  t h e  ACCESS t r u s s  tower;  removing and 
r e p l a c i n g  a s t r u t  and node from t h e  tower t o  p r a c t i c e  a r e p a i r  
o p e r a t i o n ;  manipula t ing  two connected EASE beams; and manipula t ing  t h e  
assembled EASE and ACCESS s t r u c t u r e s .  These t a s k s  were a l s o  r e f i n e d  as 
t h e  a s t r o n a u t s  p r a c t i c e d  them i n  t h e  NBS. For example, t h e  crew found 
t h a t  i t  w a s  easy  t o  maneuver two o r  t h r e e  bays of  t h e  ACCESS tower;  
based on t h i s  n e u t r a l  buoyancy tes t ,  t h e  t a s k  w a s  changed and t h e  e n t i r e  
10-bay s t r u c t u r e  was s u c c e s s f u l l y  removed and manipulated i n  f l i g h t .  

After t h e  hardware and procedures  had been r e f i n e d  i n  t h e  MSFC/NBS, 
t h e  EASE/ACCESS n e u t r a l  buoyancy mockups were moved t o  t h e  Johnson Space 
Center  Weight less  Environment Tra in ing  F a c i l i t y  (WETF) where t h e  
a s t r o n a u t s  f i n i s h e d  t r a i n i n g  f o r  t h e  mission.  

The 

S p e c i a l  underwater cameras were purchased 

It was impor tan t  t o  s imula t e  this a s p e c t  of t h e  

Ast ronauts  J e r r y  Ross and Sherwood Spr ing ,  t h e  two mission 

These s imula t ions  

Some f l i g h t  t r a i n i n g  also w a s  accomplished i n  t h e  MSFC/NBS because 

The NBS 

IMPROVING NBS SIMULATIONS 

The Neu t ra l  Buoyancy Simulator  s t a f f  n o t  on ly  engages i n  r e s e a r c h  

New techniques  f o r  zero-gravi ty  s i m u l a t i o n  
and development p r o j e c t s  conducted by users of t h e  f a c i l i t y  b u t  a l s o  
suppor t s  a p p l i e d  r e sea rch .  
are be ing  i n v e s t i g a t e d  as time permi ts .  Concepts under s tudy  inc lude  
computer d a t a  c o l l e c t i o n  and d i s p l a y ,  r o b o t i c s ,  and heads-up d i s p l a y s  
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f o r  s p a c e s u i t  helmets .  
equipment h a s  been purchased f o r  t h e  purpose of i n v e s t i g a t i n g  
computerized t e s t  in s t rumen ta t ion  and d a t a  recording.  

a c q u i r e  a l l  of d e s i r e d  f a c i l i t y  items. 
con t inue  t e s t i n g  wi th  a v a i l a b l e  equipment by r econd i t ion ing  o r  modifying 
equipment n o t  o r i g i n a l l y  in tended  f o r  underwater use.  
v ideo  cameras have been f i t t e d  i n t o  s p e c i a l  cases s o  t h a t  t hey  can be 
used underwater t o  record  tests. 

The cha l l enge  "it cannot  be done" invokes t h e  NBS team t o  prove 
t h a t  "it can be  done." 
Remote Manipulator System, a n  e l e c t r i c a l l y  powered six-degree-of-freedom 
robo t  arm. 
a r o b o t i c s  experiment when NASA announced t h a t  t h e  S h u t t l e  would be 
equipped w i t h  a manipula tor  system. 
it would be imposs ib le  t o  develop e l e c t r o n i c s  f o r  t h e  RMS t h a t  would 
o p e r a t e  underwater.  However, t h e  NBS s t a f f  developed waterproof  
connec tors  and a p res su r i zed  system t o  keep water o u t  of t h e  d e l i c a t e  
e l e c t r i c a l  components. 
p r a c t i c e  removing and manipula t ing  p a r t  of t h e  ACCESS t r u s s  tower. 

Over t h e  l as t  few y e a r s ,  new microcomputer 

I n  t h e s e  t i m e s  of  budgetary c o n s t r a i n t s ,  t h e  NBS i s  n o t  a b l e  t o  
The staff uses  ingenu i ty  t o  

For example, 

An e x c e l l e n t  example of this i s  t h e  underwater 

The n e u t r a l  buoyancy manipulator  arm f i r s t  was developed as 

A t  t h e  t i m e ,  some people  s a i d  t h a t  

Figure 4 shows t h e  underwater RMS being  used t o  

FIGURE 4 
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The MSFC/NBS manipula tor  arm i s  t h e  only  one a v a i l a b l e  f o r  n e u t r a l  
buoyancy tes ts  r e q u i r i n g  f u n c t i o n a l  s imula t ion  of t h e  S h u t t l e  RMS. 
P r e s e n t l y ,  t h e  NBS s t a f f  i s  working on techniques  t o  make t h e  underwater 
RMS o p e r a t e  more l i k e  t h e  S h u t t l e  RMS. 
rep laced  w i t h  r o t a t i o n a l  and t r a n s l a t i o n a l  hand c o n t r o l l e r s  t o  match t h e  
S h u t t l e  RMS. 
t h e  o p e r a t i o n  of t h e  n e u t r a l  buoyancy RMS even more similar t o  t h e  
o p e r a t i o n  o f  t h e  S h u t t l e  RMS. 

d e t a i l e d  t e c h n i c a l  o b j e c t i v e s  accomplished du r ing  t h e  second EVA of  t h e  
EASE/ACCESS mission.  The Marsha l l  Center  NBS was t h e  only  p l ace  were 
procedures  could be developed f o r  a c t i v i t i e s  w i t h  one a s t r o n a u t  working 
on t h e  Manipulator Foot R e s t r a i n t  work s t a t i o n  a t t ached  t o  t h e  end of  
t h e  RMS . 

Recent ly ,  t ogg le  swi tches  were 

Now, t h e  s t a f f  i s  developing a computer program t o  make 

The n e u t r a l  buoyancy RMS w a s  u s e f u l  dur ing  t h e  development of t h e  

CONCLUSION 

The number of n e u t r a l  buoyancy s imula t ions  conducted each year  is 
i n c r e a s i n g  as NASA’s a c t i v i t i e s  i n  space  inc rease .  
N e u t r a l  Buoyancy Simula tor  are c l e a r l y  i n  l i n e  wi th  NASA’s o b j e c t i v e s  
f o r  aerospace  r e sea rch .  

focused on developing concepts  f o r  components of t h e  planned Space 
S t a t i o n .  
developing and t e s t i n g  hardware and procedures  f o r  assembling l a r g e  
space  s t r u c t u r e s  i n  o r b i t .  
c o n s t r u c t i o n  p r o j e c t s  can  b e n e f i t  from us ing  t h e  Marshal l  Space F l i g h t  
Center  Neu t ra l  Buoyancy Simulator .  

The g o a l s  a t  t h e  

The MSFC/NBS team suppor t s  many NASA p r o j e c t s .  Current  tests are 

The success  of  t h e  EASE/ACCESS miss ion  has  proven t h e  va lue  of 

The Space S t a t i o n  and o t h e r  space  
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